Expression of CD45 is quite variable in human myeloma cells and cell lines, such as U266, and CD45 þ U266 proliferates in response to a growth factor, interleukin-6. Here, we show that CD45 þ myeloma cell lines were more sensitive to various apoptotic stimuli, such as oxidative stress and endoplasmic reticulum (ER)-stress, than CD45 À cells. Reactive oxygen species and calcium ion seemed to be involved in the susceptibility to apoptosis of CD45 þ U266. The activation of the src family kinases associated with CD45 phosphatase played an important role in the augmented apoptosis in CD45 þ U266 by oxidative stress. These results indicate that the CD45-expression renders myeloma cells competent for not only mitogenic but also apoptotic stimuli, resulting in either proliferation or apoptosis of CD45 þ myeloma cells dependently upon the circumstantial stimuli. Furthermore, voltage-dependent anion channel (VDAC) 1 was identified as a gene highly expressed in CD45 þ U266 by cDNA subtraction. The increased expression of VDAC1 seemed to augment the sensitivity to the ER-stress because the VDAC1-transfected U266 was more susceptible to the thapsigargininduced apoptosis. Thus, CD45 expression accompanied by the increased VDAC1 expression sensitizes myeloma cells to the various extracellular stimuli that trigger apoptosis via the mitochondrial pathways.
Introduction
The common leukocyte antigen, CD45 is a transmembrane glycoprotein expressed on most hematopoietic cells including all stages of B lymphocytes from pro-B to plasma cells (Charbonneau and Tonks, 1992) . A proteintyrosine phosphatase (PTPase), CD45 is required for the development and activation of T lymphocytes (Cahir McFarland et al., 1993) and also for the tolerance induction and activation of B lymphocytes via antigen receptors (Justement, 2001) . Dephosphorylation of the COOH-terminal tyrosine residue of src family proteintyrosine kinases (PTKs) by CD45 PTPase has been shown as a triggering mechanism of the src family PTK activation (Mustelin et al., 1989; Ostergaard et al., 1989; Mustelin and Altman, 1990; Ostergaard and Trowbridge, 1990) . The activated src family PTKs mediate the downstream signals of several extracellular stimuli, such as growth factors, cytokines and antigen stimulation, leading to diversification and amplification of the initial signals (Corey and Anderson, 1999) .
Multiple myeloma (MM) is a human plasma cell malignancy. Despite the clonal origin of tumor plasma cells, myeloma cells appear to be heterogeneous with respect to the immunophenotype and morphology. Some populations of myeloma cells, such as MPC-1 À CD49e À immature phenotype, show significant proliferative activity with a growth factor, interleukin-6 (IL-6; Kawano et al., 1988) , whereas others produce higher amounts of immunoglobulin in response to IL-6 (Kawano et al., 1993) . In addition, the proliferative immature myeloma cells retain a bright expression of CD45, while most myeloma cells as the less proliferative populations lack CD45 expression (Joshua et al., 1996; Schneider et al., 1997; Fujii et al., 1999) . Thus, the expression of CD45 in human myeloma cells is essentially required for their IL-6-induced proliferation (Mahmoud et al., 1998) .
Apoptosis is described as the orchestrated collapse of a cell consisting of a multistep process that can be initiated by a variety of stimuli. The apoptotic process originates from the mitochondria, which are central targets for intracellular oxidative stress. Stressed mitochondria release cytochrome c that triggers the activation of caspase-9, then activating the executioner caspases, such as caspase-3 (Kroemer and Reed, 2000) . The mitochondrial apoptosis pathways are influenced by members of the Bcl-2 family comprised of over a dozen proteins (Korsmeyer, 1999) . Bcl-2 and Bcl-xL, which are localized at the outer surface of mitochondria, possess antiapoptotic activity and protect cells from death. The others include the proapoptotic Bax, Bak and the more recently recognized Bid (Adams and Cory, 1998; Antonsson and Martinou, 2000) . Bcl-2 family members interact with many proteins, such as a mitochondrial outer membrane protein, voltage-dependent anion channel (VDAC; Shimizu et al., 1999) , resulting in a significant conformational change of VDAC. It may allow the pore size of the VDAC channel large enough for intermembrane proteins, such as cytochrome c, to pass through and be released into the cytosol. The VDAC protein is a subunit of the mitochondrial permeability transition pore (PTP), a large channel whose opening results in rapid loss of membrane potential and organellar swelling, quickly leading to cytochrome c release and apoptotic cell death (Loeffler and Kroemer, 2000) . Bax and Bak enlarge the VDAC cahnnel, which is contrarily closed by Bcl-xL (Shimizu et al., 1999) . VDAC now appears to include three mammalian isoforms (VDAC1, VDAC2 and VDAC3), and VDAC1, a highly abundant isoform has been well characterized.
In this study, we identified VDAC1 as a gene highly expressed in CD45 þ U266 by cDNA subtraction, and showed that the CD45 expression accompanied by the elevated VDAC1 expression sensitized myeloma cells to a diverse of apoptotic stimuli via the mitochondrial pathways. Furthermore, the activation of src family kinases associated with CD45 is likely to be involved in the accelerated apoptosis of CD45 þ myeloma cells by oxidative stress. The intracellular reactive oxygen species (ROS) and calcium ion (Ca 2 þ ) seem to initiate the cellular events, such as the activation of the src family kinases and calcineurin phosphatase, which trigger the apoptosis upon the oxidative or endoplasmic reticulum (ER) stresses.
Results
Phospholipase (PLC)-g2 was necessary for the IL-6-induced proliferation of CD45 þ U266 In agreement with the heterogeneity of primary myeloma cells, a human myeloma cell line, U266 contains both CD45
À and CD45 þ cells, and the sorted CD45 þ but not CD45 À U266 proliferates in response to IL-6 ( Figure 1a ; Mahmoud et al., 1998) . We have recently shown that the src family PTKs associated with CD45 PTPase are important mediators for the proliferation of myeloma cells in response to IL-6 (Ishikawa et al., 2002) , since a src kinase inhibitor, PP2 or PTPase inhibitor, vanadate suppressed the IL-6-induced proliferation of CD45 þ U266 (Figure 1a ) in which the Lyn kinase was activated by IL-6 (Figure 1b) . The src family PTKs may phosphorylate several molecules, resulting in a diversification of the initial signals. The PLC-g2 was co-precipitated with Lyn (data not shown) and phosphorylated in response to IL-6 stimulation in only CD45 þ U266, followed by Ca 2 þ influx and the protein kinase C (PKC) activation (Figure 1b and c) . Relevance of PLC activation was demonstrated by the abolition of the IL-6-responsive proliferation of CD45 þ U266 treated with a PLC inhibitor, U73122 but not with a control analog, U73343 (Figure 1d ). These results suggest that the activation of Lyn, PLC-g2 and PKC as well as Ca 2 þ influxes seem to participate in the IL-6-induced proliferation of CD45 þ U266. Figure 1 The activation of Lyn and PLC-g2 was important for the IL-6-induced proliferation of CD45 þ U266. (a) U266 contained CD45 À and CD45 þ subpopulations (shown by flow cytometry), and the only latter proliferated in response to IL-6 (2 ng/ml) (*Po 0.05). The IL-6-induced proliferation of CD45 þ U266 was blocked by treatment with PP2 (300 ng/ml) (*Po 0.05) or Na 3 VO 4 (3 mM) (*Po0.05). Cell proliferation was analysed by BrdU incorporation and shown by mean values and s.d. obtained from three independent experiments (a, d). (b) In a serum-free condition, CD45
À and CD45 þ U266 were stimulated with IL-6 (2 ng/ml) for 5 min and subjected to kinase assay (KA), immunoprecipitation (IP) þ rather than CD45 À myeloma cells isolated from MM patients was quickly reduced in in vitro culture without IL-6 (Fujii et al., 1999) , and thus it is tempting to speculate that CD45 þ myeloma cells are susceptible to apoptosis. Culture of the sorted CD45 À and CD45 þ U266 separately for 5 days in a serum-free condition increased the dead cells in CD45 þ U266 (8.8-18%), whereas most CD45 À U266 remained viable evaluated by flow cytometry with Annexin V and propidium iodide (PI) staining ( Figure 2a ) and with forward and side scatters (FS/SS; data not shown).
Ca 2 þ has been recognized as participant in apoptotic pathways (Lipton and Nicotera, 1998) . Thapsigargin (THG) is an effective inhibitor of the Ca 2 þ pump proteins located on sarcoplasmic reticulum (SR) and ER, and it causes the passive release of Ca 2 þ from the ER into the cytosol. As shown in Figure 2b, (Figure 2c ), which is a distinctive feature of the early stage of apoptosis due to the disruption of active mitochondria including the changes in the membrane potential and alteration to the oxidation. Susceptibility to the H 2 O 2 -induced apoptosis of CD45 þ U266 evaluated as loss of DCm seemed to be more evident than the results obtained from Annexin V/PI staining.
The ultraviolet (UV)-ray irradiation or heat shock (at 421C for 1 h) also led CD45 þ U266 to cell death more than CD45
À U266 (Figure 2d and data not shown). As the rapid loss of DCm of CD45 þ U266 indicated the accelerated mitochondria-mediated apoptosis in CD45 Signaling thresholds defined by CD45 PTPase S Liu et al U266, the mitochondrial apoptosis pathways, such as cytochrome c release and the activation of caspase cascades, were accelerated in CD45 þ U266 in response to H 2 O 2 or UV-ray irradiation (data not shown).
Restored susceptibility to apoptosis of myeloma cell lines by CD45 expression To clarify whether the increased susceptibility to apoptosis seen in CD45 þ U266 are due to the CD45 expression, we compared the cell viability of myeloma cell lines expressing the different levels of CD45 in response to serum depletion, H 2 O 2 or UV-ray irradiation. As shown in Figure 3 , flow cytometry showed the surface expression of CD45 in the indicated myeloma cell lines. Compared with a CD45
À myeloma cell line, KMS-11, the nonviable cells of a CD45
þ myeloma cell line, ILKM3 were markedly increased ( Figure 3a) . Furthermore, by using two sublines established from another myeloma cell line, AMO1, CD45 lo AMO1 was more resistant to these stimuli than CD45 hi AMO1 (Figure 3b ), consistent with the results obtained from U266. Finally, the nonviable cells of a CD45-tranfectant, CD45RB/enhanced green fluorescent protein (EGFP)-U266 (Li et al., 2005) were more rapidly increased than the control EGFP-U266 (Figure 3c ). Therefore, all results strongly suggest that the CD45 expression on myeloma cell lines could influence the sensitivity to various extracellular stimuli that trigger apoptosis.
ROS and Ca
2 þ were important to trigger the stressinduced apoptosis We analysed the intracellular ROS and Ca 2 þ in CD45 (Figure 5b ). These results point toward a relevant role of the CD45-regulated src activation in apoptosis of myeloma cells. Importantly, the H 2 O 2 -but not thapsigargin-induced Ca 2 þ influxes in CD45 þ U266 was blocked by PP2 (Figure 5c ), suggesting that the oxidative stress-induced ROS may activate the src family kinases which participate in the generation of Ca 2 þ in CD45 þ U266.
CD45 expression enhanced the H 2 O 2 -induced apoptosis whereas the increased VDAC-1 expression was related to the thapsigargin-induced apoptosis To further understand the distinct biological character of CD45 À and CD45 þ U266 that may be reflected by the different patterns of gene expression, PCR-select cDNA subtraction using the sorted CD45 À and CD45 þ U266 cells was carried out. We finally isolated 23 clones as the potentially different expression of genes in CD45 þ U266. As some examples of the differential screening were shown in Figure 6a , a clone B26 was highly expressed in CD45 þ U266, along with other genes not described in this paper. Nucleotide sequencing revealed B26 identical to the vdac1 gene that encodes a mitochondrial outer membrane channel found in all eukaryotic mitochondria, usually functions as the pathway for the movement of various substances in and out of the mitochondria. The differential expression of vdac1 gene between CD45
À and CD45 þ U266 was further confirmed by RT-PCR (Figure 6b ). In myeloma cells isolated from three MM patients, CD45
þ cells also exhibited the elevated expression of vdac1 gene more than CD45
À cells (Figure 6c ). Western blotting using a Cox IV protein as a loading control shows that VDAC1 proteins were expressed in mitochondria of CD45 þ U266 more than of CD45 À U266 (Figure 6d ). As the increased expression of VDAC1 protein was also observed in CD45 hi AMO1 and the CD45-transfected U266 (Figure 6d ), the CD45 expression is likely to influence the cellular context altering the sensitivity to apoptotic stimuli. Furthermore, compared with CD45 Signaling thresholds defined by CD45 PTPase S Liu et al was more highly expressed than in the mock CD45 þ U266 ( Figure 6e ) were not markedly increased by H 2 O 2 treatment (Figure 6f ). In contrast to the H 2 O 2 treatment, the VDAC1-transfected CD45 À U266 was more susceptible to the thapsigargin-induced apoptosis than the mock CD45 þ U266 (Figure 6f ). The susceptibility to the apoptosis was consistent with loss of DCm (data not shown) and with the cytosolic cytochrome c release (Figure 6g) . Therefore, the enhanced Ca 2 þ influxes and apoptosis by thapsigargin seemed to depend on the increased expression of VDAC1 that may influence DCm and cytochrome c release.
Mitochondrial localization of Bad was enhanced by calcineurin in CD45
þ U266 The molecular mechanisms of the mitochondrial apoptotic pathways in CD45 þ U266 highly expressing VDAC1 are not clarified yet. Bad but not Bax accumulated in mitochondria of CD45 þ U266 rather than CD45 -U266 in response to H 2 O 2 or thapsigargin ( Figure 7a and b and data not shown), followed by the interaction of Bcl-2 with Bad in mitochondria (Figure 7a ) that may inhibit the antiapoptotic functions of Bcl-2. It might induce the increased association of Bax with VDAC1 in mitochondria of CD45 þ U266 (Figure 7c) , resulting in the release of cytochrome c into the cytosol (Figure 6g ; Shimizu et al., 1999) . Interestingly, calcineurin appeared to be associated with Bad in CD45 þ U266, and FK506 blocked the mitochondrial localization of Bad, the interaction of Bad with calcineurin, and U266 cell death (Figure 7b, d and e) , suggesting that the calcium-dependent phosphatase, calcineurin plays a pivotal role in triggering the apoptosis via regulating the subcellular localization of Bad as reported previously (Wang et al., 1999) .
Discussion
In this study, we showed that CD45 þ myeloma cell lines were more sensitive to several apoptotic stimuli as well as a mitogenic stimulus (Figures 1, 2 and 3) . The intracellular ROS and Ca 2 þ seem to initiate the cellular events, such as the activation of the src family kinases and calcineurin phosphatase, which trigger the apoptosis upon the oxidative or ER stresses (Figure 4 ). The CD45 expression was likely to enhance the H 2 O 2 -induced apoptosis via the activation of the src family kinases (Figures 5 and 6 ) that is regulated by their redox state (Devary et al., 1992; Abe et al., 1997 Abe et al., , 2000 Abe and Berk, 1999; Yoshizumi et al., 2000) . In contrast to the H 2 O 2 -induced apoptosis, the thapsigargin-induced apoptosis was related to the increased expression of VDAC1 that was identified as a gene highly expressed in CD45 þ U266 by cDNA subtraction (Figure 6 ). Bad sequestered by calcineurin in cytosol moved to mitochondria and bound to Bcl-2 in response to the increase in the intracellular Ca 2 þ concentration (Figure 7) , resulting in the enhanced release of cytochrome c presumably through the highly expressed VDAC1 ( Figure 6 ) associated with Bax ( Figure 7) as summarized in Figure 8 .
In agreement with the isolation of only 23 genes including VDAC1 by cDNA subtraction, the gene expression of bcl-2 family, such as bcl-2, bax, bak, bid and mcl-1, and xiap was not significantly different between CD45
À and CD45 þ U266 by the real-time RT-PCR (data not shown). VDAC1 plays an essential role in apoptosis in mammalian cells (Shimizu et al., 2001) , and the increase in VDAC expression may facilitate the release of cytochrome c during apoptosis (TakagiMorishita et al., 2003) . Indeed, some but not all stimuli preferentially induced the apoptosis of CD45 þ myeloma cell lines including U266 via mitochondrial apoptosis pathways (Figures 2 and 3 and data not shown) as we have already reported that in in vitro culture without IL-6, cell viability of CD45 À myeloma cells was better than CD45 þ myeloma cells freshly isolated from MM patients (Fujii et al., 1999 ). Signaling thresholds defined by CD45 PTPase S Liu et al
As a result of the toxicity of Ca 2 þ , a low Ca 2 þ concentration must be maintained in the cytosol, and most of the cellular Ca 2 þ is stored in the ER. Thus, the Ca 2 þ content of the ER determines the cell's sensitivity to apoptotic stress, and susceptibility to apoptosis depends on the ability of cells to transfer Ca 2 þ from the ER to the mitochondria, which is conversely required for initiation of apoptosis by some signals (Rizzuto et al., 1992) . Ca 2 þ is pumped into the ER by sarcoplasmic-endoplamic reticulum Ca 2 þ adenosine triphosphatases (SERCA), and released by inositol 1,4,5-triphosphate (IP 3 )-gated channels (IP 3 R). Stimuli that generate IP 3 cause release of Ca 2 þ from the ER, which is rapidly taken up by closely juxtaposed mitochondria (Rizzuto et al., 1992) . Ca 2 þ is also a prominent modulator of mitochondrial permeability transition (PT) controlled by the PT pore (PTP) consisting of VDAC and adenine nucleotide translocator (ANT; Bernardi, 1999) . As the PT has been implicated as a mechanism of apoptotic cell death (Decaudin et al., 1997; Ferri and Kroemer, 2001) , the increased expression of VDAC1 is likely to play a role in the increased sensitivity of CD45 þ U266 to various apoptotic stimuli, particularly a SERCA inhibitor, thapsigargin (Figures 2 and 6 ). Susceptibility to apoptosis of CD45 þ U266 was actually characterized as a rapid reduction of DCm (Figure 2 ) that is presumed to be due to the opening of the mitochondrial PTP, allowing passage of ions. The resulting equilibration of ions in turn leads to the decoupling of the respiratory chain followed by the cytochrome c release into the cytosol. In agreement with the previous report that overexpression of VDAC1 enhances the sensitivity of cells to an apoptotic stimulus, ceramide which actively increases intracellular Ca 2 þ (Rapizzi et al., 2002) , the elevated expression of VDAC1 rather than CD45 Signaling thresholds defined by CD45 PTPase S Liu et al expression in U266 seemed to contribute to the susceptibility to the thapsigargin-induced apoptosis ( Figure 6) .
In contrast to the thapsigargin-induced apoptosis, the H 2 O 2 -induced apoptosis was likely to be affected by CD45 rather than by VDAC1 (Figure 6) . Although the precise mechanisms underlying how CD45 enhances the apoptosis of myeloma cells remain unknown, both the intracellular ROS and Ca 2 þ fluxes were augmented in CD45 þ U266, and both the H 2 O 2 -induced Ca 2 þ release and apoptosis were blocked by the abolition of ROS with DTT (Figure 4) . The chelation of Ca 2 þ with BAPTA also suppressed the H 2 O 2 -induced apoptosis (Figure 4) . Thus, the importance of ROS and Ca 2 þ as second messengers susceptible to the H 2 O 2 -induced apoptosis is implicated in CD45 þ myeloma cells. Indeed, the apoptosis and Ca 2 þ influxes of CD45-expressing myeloma cell lines were enhanced by some oxidative stresses (Figures 2, 3 and 4 and data not shown). The accumulated intracellular ROS by the various oxidative stresses triggers Ca 2 þ influxes via several pathways. The src family kinases in CD45 þ rather than CD45 -U266 were activated by H 2 O 2 , and the inhibition of src kinase activity reduced the Ca 2 þ fluxes and apoptosis by H 2 O 2 but not by thapsigargin (Figure 5 ), indicating the involvement of the src family kinases associated with CD45 PTPase in the susceptibility to the oxidative stress-induced apoptosis of CD45 þ U266. Although the catalytic cysteine of CD45 PTPase is highly susceptible to oxidation in vitro, redox regulation of the CD45 PTPase activity seems to be reversible in cells and the src family PTKs have been shown to be involved in the signaling events stimulated by ROS (Devary et al., 1992; Abe et al., 1997 Abe et al., , 2000 Abe and Berk, 1999; Yoshizumi et al., 2000) .
In this study, we show that CD45 þ myeloma cells accompanied by the increased expression of VDAC1 seem to be sensitive to the various apoptotic stimuli, such as oxidative stress and ER-stress. We found the association of calcineurin with Bad in CD45 þ U266 more than CD45 -U266 (Figure 7 ). The mitochondrial translocation of Bad and the increased association of Bad with Bcl-2 were also observed in CD45 þ U266 treated with H 2 O 2 or thapsigargin ( Figure 7 ). As shown in Figure 8 , the oxidative stress-induced activation of the src family kinases in CD45 þ myeloma cells leads to the intracellular Ca 2 þ fluxes, and the sustained increase in cytosolic Ca 2 þ leads to the activation of the serine/ threonine phosphatase, calcineurin. Bad dephosphorylated by calcineurin is considered to move to mitochondria and acts as an antagonist for Bcl-2/Bcl-xL, and the dysfunction of Bcl-2 that precedes the cytochrome c release through the VDAC1 associated with Bax leads to apoptosis of the cells (Wang et al., 1999) . It is important to note that FK506 efficiently blocked the accumulation of Bad in mitochondria and apoptosis of CD45 þ U266 by H 2 O 2 or thapsigargin (Figure 7 ), indicating the important role of the Ca 2 þ -dependent calcineurin activation in apoptosis of myeloma cells. Taken together with our previous findings of CD45 þ but not CD45
À myeloma cell lines proliferating in response to IL-6 (Mahmoud et al., 1998) , the current results indicate that the CD45 expression renders myeloma cells competent for several apoptotic stimuli as well as the mitogenic stimulus, resulting in either proliferation or apoptosis of CD45 þ myeloma cells dependently upon the kinds of stimuli (Figures 1, 2 and  3) . Thus, CD45 may define the signaling thresholds that are critical for the IL-6-induced proliferation and the oxidative stress-induced apoptosis of human myeloma cells. 
Materials and methods

Primary myeloma cells from MM patients
Bone marrow mononuclear cells were obtained from myeloma patients with informed consent according to the Helsinki protocol. CD45 À and CD45 þ myeloma cells were purified from CD38 þ þ CD19 À MPC-1 À immature myeloma cells via a cell sorter as reported previously (Fujii et al., 1999) .
Subcellular fractionation
Mitochondrial and cytosolic extracts were prepared using ApoAlert Cell Fractionation Kit (Clontech, Palo Alto, CA, USA) according to the manufacturer's instructions.
Analysis of cell viability
Cell viability was determined by flow cytometry (Epics Elite ESP, Coulter, Hialeath, FL, USA) with changes in FSC and SSC or FITC-labeled Annexin V and PI (Annexin V FITC kit, Coulter) as described previously (Kawano et al., 1995) . In addition, 3 0 ,3 0 -dihexyloxacarbo-cyanine iodide (DiOC 6 ; Molecular Probes, Eugene, OR, USA) that stains mitochondria in only live cells and reflects DCm was also used to estimate cell viability.
Measurement of intracellular Ca
2 þ fluxes Intracellular Ca 2 þ was measured by flow cytometry using the fluo-4 AM fluorescent calcium marker (Molecular Probes), as described (Mazzoni et al., 2001) . cDNA subtraction and differential screening cDNAs were synthesized from CD45 À and CD45 þ U266 mRNAs. The cDNA that contains differentially expressed transcripts is referred as 'tester', and the reference cDNA as 'driver'. cDNAs from CD45 þ and CD45 À U266 cells were used as tester and driver, respectively, and vice versa to produce the subtracted cDNA according to the manufacturer's instructions (PCR-Select cDNA Subtraction Kit, Clontech). The subtracted library prepared in pCR2.1-TOPO vectors (Invitrogens, Carlsbad, CA, USA) was subjected to differential screening with subtracted cDNA probes of either CD45 À or CD45 þ U266 labeled with alkaline phosphatase (Amersham Pharmacia Biotech, Piscataway, NJ, USA). Clones hybridized strongly with CD45 þ cDNA but not with CD45 À cDNA and vice versa were sequenced and the revealed nucleotide sequences were compared with database in NCBI.
Measurement of intracellular ROS
Construction of CD45 and VDAC1 expression plasmid Construction of a CD45RB-EGFP expression vector has been reported previously (Li et al., 2005) . Human VDAC1 cDNA was cloned from CD45 þ U266. The VDAC1 protein coding region was amplified by PCR using a set of VDAC1 specific primers; 5 0 -AGCCCGCCGCCACATCCTCT-3 0 for sense strand and 5'-CCGCTTCCACTTGCAGCCATTTCT-3 0 for antisense strand. Deoxyadenosine tails were added to the every 3 0 termini of the amplified cDNA. Then the 'A-tailed' cDNA 
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Figure 8 The mitochondrial apoptosis pathways in CD45 þ myeloma cells accompanied by the increased expression of VDAC1. Left; The src family kinases may be activated by the intracellular ROS in CD45 þ myeloma cells, followed by Ca 2 þ influxes, calcineurin activation, mitochondrial translocation of Bad, dysfunction of Bcl-2 and cytochrome c release presumably through the increased expression of VDAC1. Bax released from Bcl-2 interacts with VDAC1, leading to cytochrome c release and apoptotic cell death. CD45 also plays a pivotal role in the IL-6-induced growth promotion of myeloma cells (right). The activation of Lyn associated with CD45 as well as of signal transducer and activator of transcription (STAT) 3 and extracellular signal-regulated kinase (ERK) 1/2 is induced by IL-6 in myeloma cells, followed by the activation of PLC-g2, PKC and Ca 2 þ influxes.
was cloned into TOPO TA cloning vectors (Invitrogen), and the nucleotide sequence was verified. VDAC-1 cDNA was subcloned into a retroviral vector, pCQXIN (Clontech).
Other experiments, reagents and antibodies Cell culture, flow cytometry, BrdU incorporation, kinase assay, immunoprecipitation, Western blot, RT-PCR, and retrovirus infection were described previously (Mahmoud et al., 1998; Ishikawa et al., 2002; Abroun et al., 2004) . AMO1 (Shimizu et al., 1993) , KMS-11 (Namba et al., 1989) and the bcl-x, bcl-2 and bax primers for RT-PCR were described elsewhere (Rampino et al., 1997; Catlett-Falcone et al., 1999) . Sequences of the other primers used for PCR were as follows; VDAC1, sense: 5 0 -CAAGACAGGGCATAA GCGGG-3 0 , and antisense: 5 0 -TCCGAAGCGCGTGTTAC TGT-3 0 ; bak, sense: 5 0 -GTTCTGTTGGGCCAGTTTGT-3 0 , and antisense: 5 0 -ACTTCGCTTAAGTCCAGGCA-3 0 ; bid, sense: 5 0 -GCATGTCAACAGCGTTCCTA-3 0 , and antisense: 5 0 -GGAACCTGCACAGTGGAAAT-3 0 ; mcl-1, sense: 5 0 -AA CAGTGGAGAAAGGACACA-3 0 , and antisense: 5 0 -TGTGT CCAGAAAGGCAAAGC-3 0 ; and xiap, sense: 5 0 -GAAGA CCCTTGGGAACAACA-3 0 , and antisense: 5 0 -TGTCCTT GAAACTGAACCCC-3 0 . IL-6 (Strathmann Biotech, Hamburg, Germany), H 2 O 2 (Mitsubishi Chemical Co., Tokyo, Japan), UV-ray irradiation (CL-1000 Ultraviolet Crosslinker, UVP, Upland, CA, USA) and DTT (Wako, Osaka, Japan) were used in this study. Thapsigargin (THG), sodium orthovanadate (Na 3 VO 4 ) and BAPTA-AM (1,2-bis (2-aminophenoxy) ethane -N,N,N',N'-tetraacetic acid (acetoxymethyl ester)) were purchased from Sigma (St Louis, MO, USA). PP2, U-73122, U-73343 and FK506 were bought from Calbiochem
